The prevalence and contamination levels of Listeria monocytogenes were investigated in live bivalve molluscs for human consumption, collected in various steps of the commercial and sanitary circuits in the North of Portugal. Samples of di¡erent species were collected per lot before and after depuration treatment in two depuration units and further, when placed in retail markets. Listeria monocytogenes was isolated from 4% of the samples although with very low contamination levels (less than 100 MPN g À1 ).
Introduction
Listeria monocytogenes is a non-sporing ubiquitous bacterium, Gram-positive facultatively anaerobic rod (Farber & Peterkin 1991) . The presence of this pathogen in foods, particularly ready-to-eat (RTE) foods, gained public health signi¢cance from several outbreaks of listeriosis in North America and Europe. It is known to be particularly hazardous for high-risk groups such as immuno-compromised people, the elderly, pregnant women and neonates, and has a high mortality rate in these individuals of 20^30% (Farber 1991a) . A recent study showed that healthy individuals can also develop milder forms of gastrointestinal illness upon exposure (Dalton, Austin, Sobel, Hayes, Bibb, Graves, Swaminathan, Proctor & Gri⁄n 1997) .
Bivalve molluscs are among the most consumed seafoods in Portugal as in some other countries, preferably in the raw state or lightly cooked. The microbiological quality control of these RTE foods therefore assumes particular importance (Ben Embarek 1994) . The main objective of sanitary control, characterized by a set of steps and procedures, is the guarantee of public health protection. The process depends on the production area classi¢cation and monitoring, and on puri¢cation and certi¢cation of the products in depuration centres. While shell¢sh has not caused any large-scale outbreaks of listeriosis, small outbreaks and sporadic cases have been caused by smoked mussels and raw oysters (Brett, Short & McLauchlin1998; Monfort, Minet, Rocourt, Piclet & Cormier1998; Plusquellec, Monfort, Piclet & Rio 1998) . The scarcity of relevant data in our country and the need to provide new information about the potential of raw bivalves as a source of L. monocytogenes contamination led us to carry out this work, performing a limited study on the prevalence of L. monocytogenes in Portuguese live bivalve molluscs, sampled in various steps of the sanitary control circuit. The serovar identity of the isolates was determined as an epidemiological indicator.
Material and methods

Samples and sites
A total of 75 live bivalve mollusc samples were collected from January to July 2004 from two production sites, and analysed for L. monocytogenes along the sanitary control process as shown in Fig. 1 . Each lot of shell¢sh species was sampled in three steps of the circuit: production sites, after depuration treatment in two depuration units (DA and DB) and in two retail markets (MA and MB).
The harvesting sites are situated along the North coast of Portugal (from Aveiro to Vila Praia de A OE ncora). Bivalve samples, including oysters, mussels, clams, cockles and razor shells, of 1kg were collected at each sampling site, stored and transported at 6^8 1C to the laboratory for analysis. Fifteen to 35 individuals according to the species analysed were scrubbed, rinsed with tap water and opened aseptically.
Listeria monocytogenes detection and quanti¢cation
Listeria monocytogenes detection was performed using the MINI-VIDAS-LMO2 test kit (bioMe¤ rieux s , Marcy L'Etoile, France) following the manufacturer's instructions. This automated qualitative test has obtained AOAC International O⁄cial Methods of Analysis approval. The con¢rmation of positive samples was performed as described in the MINI-VIDAS-LMO2 protocol, streaking10 mL of the Fraser broth on PALCAM (Merck, Darmstadt, Germany) Vaz-Velho (2000) .
Serotyping
Listeria monocytogenes serotyping was performed using two methods, i.e. the L. monocytogenes Seiken kit (Denka Seiken,Tokyo, Japan) following the manufacturer's instructions and, multiplex polymerase chain reaction (PCR) according to Doumith, Buchrieser, Glaser, Jacquet and Martin (2004) using the conditions described by the authors. Table 1 shows the prevalence of L. monocytogenes detected in the live bivalve molluscs, i.e. 4% (three of 75 samples).
Results
None of the bivalve molluscs collected at the harvesting sites contained the pathogen. The three positive samples were found only in depurated clams, although of two di¡erent species (Venerupis pullastra andTapes phillipinarum), demonstrating very low contamination levels (less than 100 MPN g À1 ; data not shown). Two lots were involved (one in each circuit), two of the positive samples being from the same lot (circuit A).
The serotypes of L. monocytogenes were also identi¢ed. The multiplex PCR assay clusters L. monocyto- genes strains into four major groups (group 1: serotypes 1/2a, 3a; group 2: 1/2b, 3b, 7; group 3: 1/2c, 3c; and group 4: 4b, 4d, 4e; Doumith et al. 2004) . Owing to the inability to serotype the two positive isolates from the circuit A by conventional serotyping, the authors used the multiplex PCR (Doumith et al. 2004) . The two strains isolated in sanitary circuit A belonged to the serotype group 1, i.e. 1/2a (3a) identi¢ed by multiplex PCR and, the strain from circuit B belonged to the serotype group 2, i.e.1/2b (3b). In this case, as it was possible to use the Seiken kit, the serotype 3b was con¢rmed (Table 2) .
Discussion
Compared with other food products, very few studies have been carried out on the prevalence and growth of L. monocytogenes in shell¢sh. The limited sampling of bivalves along the circuit accomplished in this study demonstrated that these RTE seafoods could be contaminated with L. monocytogenes, including at the retail market level. In previous studies conducted in Portugal, Pedro (1996) Buchanan, Stahl, Bencivengo and Corral (1989) , Motes (1991) and Jeyasekaran, Karunasagar and Karunasagar (1996) did not ¢nd Listeria spp. including L. monocytogenes in shell¢sh; Colburn, Kaysner, Abeyta and Wekell (1990) found Listeria spp. with frequencies of 1^5%; De Simo¤ n,Tarrago¤ and Ferrer (1992) detected L. monocytogenes in 7.5% (three of 40) of the bivalve samples collected at markets and Monfort et al. (1998) obtained a higher prevalence of L. monocytogenes in live shell¢sh of 11.2%. In general, the levels per gram of the organism in ¢sh products (with the exception of cold-smoked salmon) appear to be lower than 10 21 0 3 CFU g À1 (Farber 1991b) . Nevertheless, it is important to take into account that shell¢sh have been implicated in listeriosis outbreaks (e.g. Monfort et al. 1998) . The inability to serotype the positive isolates from the circuit A by conventional serotyping led the authors to use the multiplex PCR (Doumith et al. 2004) . In fact, Graves, DeWitt, Mauro, Bordoni and Swaminathan (2005) observed agreement between multiplex PCR and conventional serotyping methods of 94% and suggested multiplex PCR as an alternative method for untypable strains by conventional methods. Cordano and Rocourt (2001) as well as Graves et al. (2005) also found strains untypable by conventional serotyping. Brett et al. (1998) and Inoue, Nakama, Arai, Kokubo, Maruyama, Saito, Yoshida, Terao, Yamamoto and Kumagai (2000) found the same serovars in bivalve shell¢sh, whereas De Simo¤ n et al. (1992) found serovars 1/2c and 4b in bivalve market samples. Most human listeriosis cases (495%) are caused by strains belonging to serotypes 1/2a, 1/2b and 4b (Farber & Peterkin 1991) ; however, other factors in£uence the occurrence of listeriosis.
More information dealing with L. monocytogenes contamination in bivalve molluscs should be collected. Many questions are still unanswered. It appears important to understand the behaviour of Listeria spp. including L. monocytogenes in aquatic environments, the role of depuration in pathogen reduction/elimination, its relationship with faecal indicators, the ecology of the organism in the shell¢sh-processing environment, seasonal variations, etc. Moreover, as a psychrotrophic bacterium, L. monocytogenes can grow at low temperatures and, under conditions of high salt content (Handa, Kimura, Takahashi, Koda, Hisa & Fujii 2005) . Thus, refrigerated storage, placement in ice or water used to cool shell¢sh in markets, among other factors such as transport and handling, could contribute to the introduction and persistence of the organism in the sanitary control and commercial circuits.
In conclusion, this study demonstrated the presence of L. monocytogenes in depurated and commercialized live bivalve molluscs in Portuguese markets. Given the low levels of the pathogen in the analysed samples and their relatively short shelf-life (rarely consumed after1week of refrigerated storage), unless these shell¢sh are temperature abused, L. monocytogenes-contaminated bivalve molluscs should not represent a serious health hazard. Nevertheless, the need for consumer education in Portugal, regarding safe food-handling practices with respect to Listeria spp. contamination, is evident (Azevedo, Regalo, Mena, Almeida, Carneiro, Teixeira, Hogg & Gibbs 2005) .
